In Britain overt lead poisoning in childhood is uncommon, though it appears to be common in the industrial areas of the United States of America, where it may account for as many as 79% of childhood deaths due to accidental poisoning (Christian, Celewycz, and Andelman, 1964) . A number of cases are probably missed (Mellins and Jenkins, 1955; McLaughlin, 1956 ) and mild cases undoubtedly go undetected because of the vague character of the illness in its less severe forms, and the difficulties involved in establishing a firm diagnosis (Jacobziner and Raybin, 1962) . One of the problems in diagnosis is the technical difficulty of carrying out accurate lead analyses; an even greater one is that there is still no general agreement on the laboratory criteria for lead poisoning.
Moncrieff, Koumides, Clayton, Patrick, Renwick, and Roberts (1964) studied a large unselected group of mentally defective children, and found that no less than 45% of their series had biochemical evidence which they regarded as sufficient to suggest the diagnosis of lead intoxication. Lead poisoning is, to a large extent, an environmental disorder, occurring most often where housing standards are poor, and where the pre-school child has ready access to sources of ingestible lead, for example flaking painted plaster, or rusty lead-painted railings. Since these conditions are not uncommon in Glasgow an investigation has been carried out on the incidence of lead poisoning in mentally defective children in the Glasgow area.
This initial study was planned with two objectives: (1) to define criteria for the diagnosis of lead poisoning in childhood; and (2) to compare the incidence of raised blood lead levels in normal children, in mentally retarded children in whom the cause was defined, and in children in whom there was mental deficiency without recognizable cause. Received December 9, 1966. Material and Methods Clinical data. Three groups, each comprising 20 children, were studied. Group A was composed of children of normal intelligence, making satisfactory progress at school, and attending hospital because of orthopaedic complaints or, in 13 cases, with congenital heart defects. Group B was composed of mentally retarded children, known to have mongolism, phenylketonuria, or severe organic brain damage of known cause. Group C included children who were mentally retarded in the absence of any recognized aetiological factors. These two groups of mentally defective children were studied separately, because it was not known to what extent the presence of mental deficiency might predispose to pica, which would increase the risk of lead poisoning; thus if the incidence of lead poisoning in Groups B and C was not significantly different, it would suggest that mental deficiency from any cause predisposed to lead poisoning. All the children studied were between 3 and 11 years of age and were carefully matched for age within the groups. The sex of the children was not considered relevant to this study as all of them were prepubertal. All were from the area served by the Royal Hospital for Sick Children, Glasgow, and there was no geographical selection within this area. Housing standards as recorded by an index described by Drillien (1964) Goldberg, Smith, and Lochhead (1963) , erythrocyte protoporphyrin and coproporphyrin (Rimington, 1961) , serwn 8-amino laevulic acid (ALA) (Mauzerall and Granick, 1956 ) and serum iron (Ramsay, 1957) ; urinary lead (Goldberg et al., 1963) , coproporphyrin (Rimington, 1961) and ALA (Mauzerall and Granick, 1956) (Fig. 1 ).
Penicillamine-lead excretion test. In addition to the above estimations, the effect was studied of the oral administration of 300 mg. penicillamine on the content of lead, coproporphyrin, and ALA in the urine collected during the following 24 hours.
Results
Of the 60 children in the series, 9 had blood lead levels greater than 40 tig./100 g. blood, an accepted upper limit of normal (Goldberg et al., 1963) . Three of these were in the 20 children of Group A and 6 among the 20 children of Group C (Table I and Fig. 2) , a difference which is not significant (p < 0 3). All of these 9 children had a history of pica and with one exception lived in old houses. Of the remaining 17 children in Group A, who had normal blood levels, pica was asked about in 13: 2 had pica, and 11 had no pica.
The mean values for blood lead of Groups A and C do not differ significantly, but these are almost twice the mean value of Group B ( Table I) .
The urinary lead output before administration of penicillamine in Group A is nearly twice that in Groups B and C, which are similar (Table I) . Only 2 children in the series had urine lead levels above the normal range (0-23 t4g./100 mg. creatinine) before penicillamine administration, and these were both children of Group A with normal blood lead levels. The urinary lead output in all 9 children with raised blood lead levels was normal before penicillamine administration (Table I) .
The administration of penicillamine was followed by a significantly increased (nearly fourfold) excretion of lead (p < 0-01) in 7 out of the 9 children with blood lead levels greater than 40 ,tg./100 g. blood, but there was no corresponding increase in children with normal blood lead levels (Table II) .
The urinary coproporphyrin output was normal in all 3 groups, and though there are small differences between them these are not significant (Table I) . Only 4 children had raised coproporphyrin levels, and of these, 2 had raised blood lead levels. These 2, however, were sufficiently high to cause the mean for this estimation in the group of 9 children with blood lead levels greater than 40 ,tg./100 g. to be significantly higher than the corresponding mean for the 17 children of Group A with normal blood lead levels (p < 0 01) ( Table I) .
Penicillamine administration had no effect on the urinary coproporphyrin excretion where the blood lead level was normal (Table II) . It was, however, followed by a decrease in the urinary coproporphyrin levels in the 2 children mentioned above with raised blood lead levels, though the means of the urinary coproporphyrin excretion in the whole group of 9 children with raised blood lead levels did not differ significantly before and after penicillamine administration (p < 0*7) (Table II) .
Urinary ALA excretion was virtually identical in all 3 groups and was not raised in any case with a raised blood lead level (Table I) . Oral penicillamine administration had no effect on the ALA (Table II) . There was no correlation between blood lead, urine lead, urine coproporphyrin, and urine ALA ( Table I) . The presence of anaemia is equally distributed over all 3 groups (Table III) , but the mean haemoglobin level of the 9 children with raised blood lead levels was lower, though not significantly so (p > 0 1), than that of the 17 children in Group A with a normal blood lead level (Table III) . The serum iron, moreover, was higher in these 9 than in the 17 normal children (Table III) .
The mean erythrocyte coproporphyrin was similar in all 3 groups (Table III) but the mean erythrocyte protoporphyrin was significantly raised in the group of 9 children with raised blood lead levels (Table III) . Five of these, but only 11 of the 51 children with normal blood lead levels, had raised erythrocyte protoporphyrin levels, a significant difference (p < 0O05).
Results of oral penicillamine treatment. In 7 of the 9 children with a raised blood lead level (3 normal and 4 mentally deficient) penicillamine, 150 mg. thrice daily, was given for 2 weeks. At the end of this time the blood lead levels had returned to normal and remained so for one year. The IQ's of all 7 children showed no significant difference after this period of one year.
Discussion
From these results it appears that the best laboratory tests for suspected subclinical lead poisoning in childhood are the blood lead level and the penicillamine-lead excretion test. The presence of anaemia and of a raised erythrocyte protoporphyrin level are suggestive, but not conclusive criteria.
In contradistinction to adult lead intoxication, urinary coproporphyrin and ALA values are normal in children with raised blood lead levels. This observation is in keeping with the findings of Jacobziner and Raybin (1962) and Moncrieff et al. (1964) . The 2 children who showed raised urinary coproporphyrin levels were 81 and 9j years old, though 3 other children of similar age with raised blood lead levels showed no rise in urinary coproporphyrin.
None of the 9 children with raised blood lead levels in this series were previously suspected of excessive exposure to lead. This suggests that many cases of mild lead intoxication in children are missed.
Raised blood lead levels were found in 15 % of the normal Group A, and in 30% of one of the mentally deficient groups (C); it is noteworthy that all the children in Groups A and C were mobile. No instance of a raised blood lead level occurred in Group B, which was composed of children some of whom by the nature of their illness, e.g. organic brain damage, are restricted in movement and under much closer supervision.
The results may be interpreted in two possible ways. First, a proportion of all children whether normal or mentally deficient have raised blood lead levels, provided they are sufficiently mobile. This suggests that pica is the most important cause of high blood lead levels in childhood, which confirms the observations of Perlstein and Attala (1966) . The fact that this occurred twice as frequently in mobile mentally defective children than in normal Blood Lead Levels in Normal and Mentally Deficient Children children could be explained by the increased incidence of pica in that group. In this interpretation the actual blood lead level would have no influence on the incidence of mental deficiency. Secondly, a proportion of all children who are sufficiently mobile will develop high blood lead levels because of pica, but this will predispose in some to the development of mental deficiency as in Group C. It can be argued that the IQ's of the children with high blood lead levels in Group A, though normal, would have been higher if they had not been exposed to lead.
The incidence of high blood lead levels among 40 mentally defective children (15%) In neither study has the significance of the raised blood lead level to the aetiology of mental deficiency been clarified, that is, whether the high blood lead levels are coincidental or are contributory to mental deficiency. There is recent evidence that the haem enzyme ALA dehydrase of rabbit brain is inhibited by an increased circulating blood lead level (Gibson and Goldberg, 1966, unpublished results). The growing brain of the child is more susceptible to various metabolic poisons than that of the adult; indeed Pentschew and Garro (1966) have easily produced lead encephalopathy in suckling rats, while adult animals were resistant to such effects. It is known that acute lead poisoning in children has resulted in gross mental defect. Mental retardation was the most common complication of acute lead poisoning in a series of Perlstein and Attala (1966) and occurred in 22% of their series of 425 children. In some of this group there were children who had pre-existing mental retardation and in whom there was evidence of further mental deterioration after the onset of lead poisoning. From all these considerations it appears possible that the raised blood lead levels in the present series may have been a factor in the aggravation of mental deficiency though it is considered unlikely that lead poisoning was the primary aetiology in any case. This problem clearly merits further investigation directed to determining whether lead poisoning is a common aetiological factor in mental deficiency in British children or whether it is, in fact, concomitant more often than causative. It has also been confirmed that a raised blood lead level is not particularly rare in British children and this points to the need for investigation into methods of prevention and treatment.
Summary
A series of prepubertal children were investigated for evidence of exposure to lead. Comprising the series were 20 children of normal intelligence (Group A), 20 with mental deficiency of known aetiology (Group B), and 20 who were mentally deficient from unknown aetiology (Group C). 9 of these children, 3 in Group A and 6 in Group C were found to have blood lead levels greater than 40 tLg./100 g. blood. In these the urinary lead excretion was normal but was increased significantly after an oral dose of 300 mg. penicillamine. This test (the penicillamine-lead excretion test) and the blood lead levels are shown to be the most helpful procedures in the diagnosis of lead exposure in childhood. The presence of a raised erythrocyte protoporphyrin level is suggestive of lead exposure, but in contrast to adult lead poisoning urinary coproporphyrin and 8-amino laevulic acid estimations are of no value in the detection of this state.
All of the 9 children with raised blood lead levels had a history of pica and with one exception lived in old houses. Furthermore, there were no children with raised blood lead levels in Group B which contained children with organic brain damage some of whom were severely immobilized and consequently were more closely supervised than those in the other two groups. This emphasizes the importance of pica and of access to environmental lead in the development of lead intoxication.
There is evidence that lead inhibits an important haem enzyme in the brain (ALA dehydrase) and that acute lead intoxication leads in some cases to mental deficiency or aggravates a pre-existent mentally deficient state. The growing brain of young animals is more susceptible to damage by lead than that of adult animals. These considerations add weight to the suggestion that previously undetected lead poisoning may be a factor in the development of some cases of mental deficiency, but the problem requires further investigation.
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